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TECHNICAL NOTE 2877 


ON THE USE OF A DAMPED SINE-WAVE ELEVATOR MOTION 
FOR COMPUTING THE DESIGN MANEUVERING 
HORTZONTAL-TATL LOAD 


By Melvin Sadoff 
SUMMARY 


A damped sine-wave elevator motion was used as a basis for computing 
the design maneuvering load on the horizontal tail. Also investigated 
was the effect of control frequency on the tail load. 


The results indicated that the maneuvering tail-load variation 
computed by operational methods with the assumed damped sine-wave elevator 
motion agreed closely with the loads computed by a method currently 
specified for use in the U.S. Air Force structural loading requirements. 
This close agreement, coupled with the relative simplicity of the method 
using the damped sine-wave elevator motion, should encourage its use as 
an alternative procedure for computing the design maneuvering horizontal- 
tail load. ú 


The maximum tail-load increments for a glven design normal acceleration 
factor were obtained at the highest control frequency investigated indicat- 
ing that a very high control frequency should be selected in computing the 
design maneuvering horizontal-tail load. For the practical case, however, 
the design control frequency may be limited by either the availability of 
control or by the physical or mechanical limitations with regard to 
control rate of the pilot or boost system used. 


INTRODUCTION 


Considerable attention has been given to the problem of devising 
a simple and rational method for computing the maneuvering horizontal- 
tail loads associated with abrupt elevator motions. In reference 1, а 
graphical integration procedure is used to determine the tail-load 
variation following any arbitrary elevator motion. In reference 2, a 
numerical integration method is used for computing the design maneuvering 
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tall loads associated with an elevator motion represented by Beveral 
Straight-line segments similating a pull-up push-down maneuver. The 
latter method has been adopted in the U.S. Air Force structural loading 
specifications. 


Although the methods described in references 1 and 2 were a 
considerable improvement over methods previously available, it is believed 
further simplification of the computational procedure may be realized by 
considering a damped sine~wave elevator motion in computing the design 
maneuvering tail load. The damped sine-wave motion is not only more 
representative of that applied in flight, but, with operational methods 3 
it is also amenable to & simple and short solution. 


The primary purpose of this paper is to evaluate the use of a damped 
sine-wave elevator motion in computing the design maneuvering horizontal- 
tail load. The effect of elevator motion frequency or control rate on 
the maneuvering tail load is also considered. 


NOTATION 
Ay 1.39 Anax 
Ay, ratio of the net aerodynamic force along the airplane Z axis to 
the weight of the airplane. 
b airplane damping coefficient | (=) 一 (= | рег весопа 
b 3104 damping factor for elevator motion, per second 
Cy, airplane Lift coefficient in 
Ch, horizontal-tail lift coefficient (e=) 
Cm airplane pitching-moment coefficient about center of gravity 


E 
956 
wing mean &erodynamic chord, feet 


Co control-deflection coefficient c . M626 
per second IyuV 


ol 


» per second 


== = mnr — — 


NACA TN 28TT 


Ky 


control-rate cocfticient (8 ), per second 
m 


acceleration of gravity, feet per second per second 
pressure altitude, feet 


airplane pitching moment of inertia, slug feet squared 


airplane spring constant ( tt, } ; per second per second 
y 


lymV 


parameter denoting damping ratio of airplane to that of horizontal 


tail 


parameter (2- as + аст, p S i 


ia on n 


DU 1 
parameter | tt ( de + 3] » seconds 
V \ лу 


parameter e 
do 


асть 
parameter ——— | n+q8+ |; Pounds 
доц, 


distance from airplane center of gravity to aerodynamic center 


of horizontal tail, feet 
airplane lift, pounds 
horizontal-tail lift, pounds 


airplane mass ( 9r slugs 


airplane pitching moment, foot-pounds 
dynamic pressure, pounds per square foot 
variable introduced in Laplace transform 


wing area, square feet 


` 
— — —— = -— ee = —  — — ———— U —_— — — n — - —— — L —  — же NR 
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ot 


Cm 
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horizontal-tail area, square feet 

time, seconds 

airplane velocity, feet per second 

airplane weight, pounds 

standard airplane axes 

airplane angle of attack, radians 
horizontal-tail angle of attack, radians 
flight-path angle, radians 

elevator angle, radians unless noted otherwise 


when preceding & symbol denotes increment from steady-state 
condition 


downwash angle, radians 


horizontal-tail efficiency factor (2) 


angle of pitch (ary), radians 

mass density of air, slugs per cubic foot 

airplane short period frequency, radians per second 
elevator-control-motion frequency, radians per second 


dC 
airplane lift-curve slope ( SE) ; per radian 


dc 
horizontal-tail lift-curve slope £ per radian 
ад; ; 


(£x ; per radian 
аё 


а) ; per radian 
da 


<a) ; per radian 
do 


—— — — A — — M  — 
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[( Сш) абс] » foot-pounds per radian 


М, 
Мұ EN = ) } foot-pound-seconds рег radian per second 
Ms [ (Cm, ) 086] , foot-pounds per radian 


[-n« (Cro) + pVStzt2] | › foot-pound-seconds per radian per second 


2 ? 
Mg (Kg, ) , foot-pound-seconds per radian per second 
Zo, - (Cr, )a8] › pounds per radian 
Ls - [crs)q8]， pounds per radian 


° ө ө е dé da, dy do 
0,a,7,5 equivalent notation for ае) , (=) А (z Í| ana Э) 


/ ae а2а, d?y 
Ө,а, equivalent notation for (| 一 一 ES and | 一 -一 
did dat2/ Nat at? 


Subscripts 


geo geometric 

lo zero lift 

max maximum value 

O steady-state value 


t horizontal tail 


METHOD OF COMPUTATION 


The general procedure is to obtain the tail-load response as a 
function of the Laplace transform variable в by multiplying the tail- 
load transfer function by the Laplace transformation of the forcing 
function ~ in the present case the damped sine-wave elevator motion. The 
tail-load response in the в domain may be given by the relationship 
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6 
н(е j + c ә) 
К 
ALt(s) = K,Ks ILE CC г 5 (1) 


s=.rbs+k s?42b,04 5+(1+b1~ )u 2 


(See appendix A for derivation.) The tail-load response in the time domain 
or the inverse transformation of equation (1) is most readily evaluated 

by Heaviside'!S partial fractions expansion as shown in appendix B. The 
tail-load response as a function of time may be written as 


2..2 -p EE SEE 
Allt) = KAKAA4Q4 „анар е Be sin(wt+e )+ ATI e bi Mit 8in(t4 tre; ) 
1 


(2) 


А sample set of computations illustrating the procedure used ів presented 
in appendix C. 


DISCUSSION 


Evaluation of the Damped Sine-Wave Elevator Motion 


The assumption of & damped sine-wave elevator motion, in computing 
the design maneuvering horizontal tail load,is suggested for two reasons. 
First, the assumed motion is more representative of that applied in flight 
than the currently specified motion (fig. 1), because & pilot attempting 
o perform the specified maneuver will generally round off the corners, 
effect applying a damped sine-wave control motion. (See reference 3.) 
Second, the use of a damped sine-wave elevator motion results in a 
simple and short solution using operational methods. 


The damped sine-wave elevator motion used in the present report for 
computing the maneuvering horizontal tail load for the example airplane 
described in reference 2 is shown in figure 1 where it is compared with 

the motion currently specified by the U.S. Air Force. The maximum up- 
elevator deflections were readily adjusted so that the design normal- 
acceleration-factor increment of 1.5 was just attained during the assumed 
maneuvers. The period of the damped sine-wave elevator motion was made 
equal to the duration of the specified motion since, &s will be shown later, 


lithe pertinent basic data for the example airplane used in the computations 
of this report are presented in table I. 
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the frequency of the control motion has а very appreciable effect on the 
maneuvering tail load. 


The tail-load variation computed by operational methods using 
equations (Bh) and (B5) is compared in figure 2 with the variation 
computed by the numerical integration method described in reference 2. 
The agreement shown is good. 


In view of the close agreement between the maneuvering tail loads 
computed by operational methods amd those calculated by the currently 
specified numerical integration method, the suggested operational 
procedure, which provides a simple analytical expression for the tail 
load, merits consideration as an alternative method for establishing the 
design maneuvering load on the horizontal tail. 


Effect of Control Frequency on the 
Tail-Load Increments 


To determine the effect of control frequency on the tail-load 
increments for the example airplane described in table I, the normal- 
acceleration-factor and tail-load responses were computed for damped sine- 
wave elevator motions of varying frequency (4. In addition to a frequency 
of 3.92 radians per second which corresponds to that of the motion 
specified in reference 2, E of 2, 6, 8, and 10 radians per 
Second were used. 


Time histories of the elevator motions used are presented in 
figure 3(a). The corresponding acceleration-factor and tail-load responses 
are shown in figures 3(b) and 3(c), respectively. The maximum up-elevator 
deflections were again adjusted at each control frequency so that the 
design normal-acceleration-factor increment of 1.5 was just attained 
during each of the assumed maneuvers. | 


The effect of control frequency on the tail-load increments is 
clearly illustrated in figure 小 which presents the variation of the 
maximum positive and negative tail-load increments with control frequency. 
A similar effect has been computed for two other airplanes. This effect 
is expected and arises primarily from the greater elevator deflections · 
required to &ttain the design normal acceleration factor (fig. 3(a)). 

It should be pointed out that, although the acceleration-factor and 
tail-load responses for & fixed maximum control deflection &re & maximum 

when the control frequency W, is in the neighborhood of the airplane 
short-period frequency w (w = 0.61 in present example), the maximum tail 

loads for & given design normal acceleration factor were obtained &t the 
highest control frequency investigated. 


8 NACA TN 2877 


The results in figure 4+ indicate that in designing the horizontal 
tail for maneuvering loads a very high control frequency , should be 
selected. However, there are two practical limitations to this procedure, 
namely, (1) availability of control and (2) physical or mechanical Limi- 
tations of the pilot or boost system with regard to the control r&te.? 

To elaborate upon this, figure 2) which presents the variation with 
control frequeney of the maximum negative elevator deflection required 
and the maximum positiye and negative control rates necessary to attain 
the design normal acceleration factor of 1.5 for the damped sine-wave 
elevator motion, was prepared. In the present example, the maximum 
control deflection available is not a critical limitation on the control 
frequency. On the other hand, the rate at which the pilot or pilot-boost- 
system combination is required to move or can move the control may limit 
the design control frequency to a low value. For airplanes in the class 
of the example airplane that are equipped with boost systems, & minimum 
control rate of 35° per second is specified by the U.S. Air Force for 
satisfactory handling qualities. On this basis, & minimum design control 
frequency of about 3.6 radians per second might be selected. (See fig. 5.) 
Available experimental data (reference lh) on airplanes of approximately 
the same size as the example airplane indicate that control rates of 70° 
per second can be attained. "The corresponding design control frequency 
is about 5 radians per second. TL is suggested that, unless statistical 
data of the type mentioned in footnote 2 indicate otherwise, the design 
control frequency be conservatively based on the maximum control rate 
attainable rather than on the minimum required rate from a handling 
qualities standpoint. 


CONCLUSIONS 


The results of computations made to evaluate the assumption of a 
damped sine-wave elevator motion for computing the design maneuvering 
load on the horizontal tail and to determine the effect of control 
frequency on this load led to the following conclusions: 


1. The maneuvering horizontal-tail-load variation computed using 
the damped sine-wave elevator motion compared closely with that computed 
by the currently specified numerical integration method of reference 2. 


“Another factor not considered because of a scarcity of data is the 
probability that a certain maximm control rate would not be exceeded 
under operational or combat conditions for a given airplane design. 

If data were generally available, it would be desirable, for a specific 
design study, to base the design control rate or control frequency on 
a statistical analysis of measured control rates on a similar class 
airplane under operational or combat conditions. 


2N 
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The relatively simple analytical expression for the tail load obtained 
in the method using the damped sine-wave elevator motion suggests its 
use as an alternative method for establishing the design maneuvering 
load on the horizontal tail. 


2. The tail-load response for a given design normal acceleration 
factor increased rapidly with an increase in control frequency indicating 
that in designing the horizontal tail for maneuvering tail loads a very 
high control frequency should be selected. In a practical case, the 
design control frequency may be limited by either availability of control 
or by physical or mechanical limitations of the pilot or pilot-boost- 
system combination with regard to control rate. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., Oct. 29, 1952. 
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. APPENDIX A 
TAIL-LOAD RESPONSE IN s PLANE 
The longitudinal equations of motion for an airplane, neglecting 


changes in forward speed and some of the нео derivatives, may 
be written as 


amy? = ZA, + Zeb (A1) 
Iy8 = MaAa Mid + М0 + MpAb (A2) 


Equations (Al) and (A2) may be reduced to the equivalent second-order 
differential equation 


d + bå + KA = CQAD + GŠ (A3) 


by using the relationships (see fig. 6) 


Ө = (асна) + (Yoy) 
Ó = а + 7 
9 = G+ 


Im equation (A3) 


» = (2% хе) 


mv ly 
k = c + ZaNó 
Iy lymV 
co = (Me - Mets 
ly IymV 


Ci 


€ 
mV, 
The Laplace transformation of equation (A3), neglecting the Š term 


which is generally small and assuming initial values of Aa, a, à, and AS 
are Zero, may be expressed as 


s?^x(s) + bs^x(s) + kAn(s) = = CoA (s) 
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or 


Ав) = D (Ah) 
Bg 


iuda onic 
(W/S) (вЁ+ъв+к) 


&(s) = Сов/5(в) - : (A6) 


894 bsg-k 


es 


AAs) = (AD) 


Since the maneuvering tail load may, from reference 1, be given as 


AL, (t) = Ky[KyAo(t) + Kalt) + KyAb(t)] 


then 
ALt(e) = K,[K,Ax(8) + К.8(в) + KsA5(s)] (AT) 
where 
a | S1 
Kı = CT — а/е) 
-| 此 (aa ү 
E da 7 a) * 
бр. € 


е К з = 


^d 
кат [= j пав, 


Substituting equations (Al) and (A6) into (AT), we have 


Ko K4C 
BÊL b+ 8 + к+ TS. 


g +bg-+k 


Equation (A8), divided through by A(s), is known as the tail-load 
transfer function. To obtain the tail-load response in the s plane, it 
is simply necessary to multiply the tail-load- transfer function by the 
Laplace transformation of 'Ab(t). The damped sine-wave elevator motion 
is agBumed to-be EE By: the. a | ; 


-  ——— MM V —— M -— м2 — ——— - — -——— — — —- 一 一 一 一 一 一 一 一 一 一 一 一 чы рар а - 
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-b 10 yt = 


AS(t) = Ае sin шуб 


where 


Ay 1.39 Amax 


bi 0.22 (damping constant required to simulate pull-up push-down 
design maneuver) 


Qj control frequency 


The tail-load response in the s plane may now be written as 


K4C 
zc =e) S + (® pM 2) m 
ALt(s) = K4Ka “Кә алаа 
к s2+bs+k s?49b30U41 s (14b, 7)«3* 


(A9) | 


Since the design tail losd is generally computed for a certain design 
normal acceleration factor, it is also necessary to determine the 
acceleration-factor response which may be given in the s plane as 


Cr, aC A " . 
AA,(s) = азс LU MN (A10) 
| (ч/5)(#”+ьв+к) | | #+2tauís + (149537 jo 


Sin order to simulate the pull-up push-down maneuver (damping to one-half 
amplitude in one-half cycle) for an arbitrary control frequency, it was 
necessary to define the damping coefficient for the elevator motion in 
terms of the control frequency. _ 
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APPENDIX B 


TATL-LOAD RESPONSE IN TIME PLANE 


The tail-load response as & function of time is most readily 
Obtained by evaluating the inverse transformation of equation (A9) using 
Heaviside's partial fractions expansion. (See reference 5.) 


By completing the square in s in the quadratic factors in the 
denominator, equation (A9) may be written as 


К-С К: С 
s2 + (+ fo). «(n p, 
5 ! 
ALt(s) = KAKgA494 4. ——əj n  [@ — T --n. (B1) 
2 2 
[s^ 2) +w=] [(s+b,u,) + 012] 


Equation (Bl) can be written 


Ф Ав+Ъ 
ALi(s) = К„КзА1@х — =K,Kx-Ayu/|— — — — ——n-+ h(s) (B2) 
(s* 5) + w^ (s+ 2) +o 


where h(s) represents the sum of the partial fractions corresponding to 
the quadratic factor [(s+tb,w,)“+ w2]. Multiplying through by the 


quadratic factor [(s+ D w°] and letting s approach - x + Qi 


pC- Ë + шї) = (- Ë + ol) À + B=, + 19, (B3) 


where 9, and Ф„ are the real and imaginary parts of the complex 
quantity Ф( - 2 + wi). 


Equating real and imaginary parts in equation (B3), 


Ф 
А = 7 
Pab 
Bee rr + 


The partial fraction corresponding to the.quadratic factor is then 


5 [(s*2) Ф tw, ] 


(2+2) + w= 
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апа the corresponding terms obtained from а table of transforms аге 


b 
1 me 一 七 
mr 2 
s (Pa сов wt + p sin ot) 


which may be written 


~ b+ 
= Jorge 2 sin(ut+ є) 
where tan є =Фф„/р,. 


In a similar manner, the partial fractions expansion corresponding to the 
quadratic factor [ (stb, 0, JE + 021 may be obtained and is | 


-b t I ! 
1 194 | | 
= e (Ф, cos wyt + Фә зіп оу) | 
o 
or 

= s Pa 2 +g,” e711 t gin (wt + є.) 
where tan el = Ф,/Ф3. 


The complete expansion is the gum of the two expansions and may be 
written as 


b 
zL 
AL, (t) - "-— = (p. сов. wt + фу sin Ut) + 
e Da t | 
(Pacos wyt +@, Bin ot) | 
or | 
d Фу - 2t 
AL (t) = Kgkg4z oa | 一 一 0 е sin (0t +€) + 


J Pa +47 е70101 
01 


In & similar manner, the normal-acceleration-factor response in the 
time plane may be determined to be i 


-— - — = - 


5. | . 
віп (Wyt + ej ) (Bh) 
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b 
In р 1 „Ф 406 e 
W/S t 


/ 2 2 
— e PY91* sin (uit + es) | (25) 


where tan ez = q, /®, and tan €s = 中 Q,. The main problem in evaluat- 
ing the expansions (Bh) and (B5) resolves itself into determining the 
values of Фф. For convenience, the relationships (which are perfectly 
general if & damped sine-wave elevator motion is assumed) of Фу eres Po 
in terms of known constants аге provided below: 


中 = FR+GS , 中 一 GR-FS 
L 2,52" = ` R2492 
where 
F KyCo . bKzCo 
Ks eKs 
с = 好 sco 
Ks . 
R = = - W - bw, b + (1+b,*) w,* 
5 = 2b, 4 Ww - bw 
_ FiRi40q Sy . " GR; -F 5, 
Фа = e. 2? Pa = В 249,2 
R: +51 1 1 
where 
byw KC, Kilo 
Еу = bi “W,7-w,2-bb,w,- ———— + + К 
1 1 1 TT Ks Ka 
Кү = b; “u, 2- @)“-bbyw, + k 


一 = 一 a i — ee — eee — -_ 一 。~ 


— — — — —————— — a 


16 
R 
9. R2+S2” 
and 
7 R, ^S, ?" 
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APPENDIX C 
EXAMPLE COMPUTATIONS 

To illustrate the method described in appendixes A and B, the tail- 
load and acceleration-factor responses to a damped sine-wave elevator 
motion using the example airplane described in reference 2 will be computed. 
The geometric and aerodynamic characteristics of the airplane are given 
in table T. 

The pertinent aerodynamic derivatives and airplane constants are 


determined as follows: 


Ze, = “Cy aS = -(5.14)(131)(1457) = -980,000 


25 = -C18 =—-(0.437)(131)(1457) = -83,500 


Ma, = Cm 95€ = -(0.3131)(131)(1557)(13.64) = -815,000 
pVS8+1+ 2 0.83h)(h.lo)(o.o015)(325)(18.682)2 


= KMg, = (1.25)(-823,000) = -1,030,000 


Mq 
Mg, = Mq. = = -(823,000) (0.50) = -329,000 
Ms 


= Cmsq8c = -(1.56)(131)(1457)(13.64) = -4,060,000 


ке s g ie 
a ye ay 
pus 980,000 1,030,000 " 329,000 -= 3,64 
(1925)( 417) 260,130 560,130 
к = Me , Ма 
Ly lymV 
к = 912,000 , (980,000)(1,030,000) . 3.68 


560,730  (560,730)(1925)(417) 
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n 060,000 .  (-1,030,000)(-83,500). _ -7.43 
° 560,730 (560,730)(1925)(417) 
-83,500 
C.. = 25 -0.10!L 
l mV (1925)(1M17) 


For simplicity, C4 is omitted from subsequent analysis because it ів. 
relatively small compared to other coefficients. | 


дє 087 
K =1-— +С | 
йа oa ay 
K, = 140.40 + (5.14) (0-0015) (1457) (48.682) = 0.756 — 
2(1925)(0.913) 
Ks = it ze + i 
V J£. 
. 48.682 1 N. 
K. 一 О.Ю + m) 0.17} 
Ka = dat = 0.478 


(4.10)(0.834)(131)(325)- = 145,700 


га 
lI 


A damped sine-wave control motion given by the equation 


AS = -1.39e "(9 22)(s .e2)t -gin 3.92t 
was assumed where the values of the damping coefficient b, and the 
control frequency © were adjusted to simulate the specified motion 
described in reference 2. The values of Ф пау be obtained from the 
relationships provided in appendix B as follows: 


FRGS _ (-6.82)(15.91)4(-1.65)(-1.161) _ 


Ф = 有 


_ в®° (15.91)2 + (-1.167)2 


- 


一 一 -一 一 -一 一 一 一 


А € -7 —<— q- — 
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g. = SR-FS - (-1.65)(15.91)-(-6.82)(-1.167) _ -0.135 


2 ваһә (15.91) + (-1.167)? . 
Pa = 了 RatGa81 _ (-23.495)(-10.115)+(-3.12)(7.50) _ к" 
R $a ^ (n5) + (T.50)? | 
p, = SRF: „ (-3.12)(-18.115)-(-23.495)(7.50) <р ^ 
Ra +s, ? (-14.115)> + (7.50)? | e 
R EE S wm | 
= —— s r[ = : Е = ° 2 [^ 
ts Re HS ^(15.91)? + (-1.167) 1: " 3 | 
-8 |o -(-1.16T) | T" " 
Ф. = —— = — = 0.00457 
° RSE (15.91)? + (-1.167)° ре: 
R (o. -14.115 EFE AMEN 
= D e. cr = : ; - = -0,0 l i ` 
"7" Rs! C 4.50€ Ot, у. 


-51 -7.50 


Ф. = = —————r—v_—sÑD = -0.029 
° вы," (13.1150 + (T.50)? 


Referring to equations (B4) and (B5), the tail-load and acceleration- 
factor responses in the time plane may be written, respectively, as 


«82 


AL.(t) = -380,000 D : sin(0.61t + 3.453) + 


0.379e 9 *862t ain(3.92t + 0.62) | (ci) 


AAz(t) = 640 | 0,1025671 -22t sin(0.61t + 0.0734) + 


0.016e 9 -862%$ sin(3.92t + 3.632) | (c2) 


For convenience, equations (Cl) and (C2) are given for & peak control 
deflection ASmax of -1.0 radian. After one set of computations the 

tail loads and the control deflections may be scaled down so that the 
design normal acceleration factor ig Just attained in the maneuver. The 
computational procedure for obtaining the normal acceleration factor 

and the maneuvering tail-load increments ів presented in tables II and III, 
respectively, The results scaled down to the design normal-acceleration- 
factor increment of 1.5 are included in figure 3 for a control frequency 
ш of 3.92 radians per second. 
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TABLE I.- PERTINENT BASIC DATA FOR EXAMPLE AIRPLANE USED IN THE 
COMPUTATIONS 


Airplane weight, W, pounds. e e , + +s +s < ee e eo e e s 6 «© » o 02,000 
Airplane mass (w/e), SURS: x 014 uz Xx Sk Sk 53€ UP wow sQ: Je Ae we OD 
Airplane pitching moment of inertia, D 

slug-feet squared, , x e e e < < e e e e e s e e s ooo o o 560,730 
Wing area, S, square feet, x . s e + +s s < e e = e e s e e ° e e o db OC 
Horizontal-tail area, St, square feet。。。。。。。。。。。。。。 324.88 
Wing mean aerodynamic chord, с, feet 。。。。。。。。。。。。。。。13。.6 
Horizontal-tail length, 24, feet . . , + . + + + + + s s e s + o 48.682 
Airplane lift-curve slope, CL per radian. e . . e < < < e e 
Horizontal-tail lift-curve slope, (Cr4)4» 

per radians i ж эз е E M SOIT 
Airplane stability parameter, Cm,, per radian. . . e + + e e * + -0.3131 
Elevator moment effectiveness, Cms, per radian . . . . + + + + + + -1.56 
Relative elevator-stabilizer effectiveness 

CV D а ёк ж-а Деш: жой жож н Lm: 
Downwash factor (de/da). TP TTE 2. 18 ОНОО 
Ratio of horizontal tail m n nane 

pressure (араја е 2 е s RUE ено жаа GS Ue do oe 0:030 
Pressure altitude, hp, feet . . . . . + + + «e s 15,000 
Mass density of air, p, slugs per cubic foot. e . . ə» . + è « . 0.0015 
Airplane velocity, V, feet per second. e . . e + +s + s © sso + s ow ШТ 
Design normal-acceleration-factor increment 

(Azmax" 1). KK ee s s ee ee P SS S n 
Denter-ofcprüviby location, percent € v. e e , + +s s + s + e 。 do 。 。 。 38 
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TABLE II.- mu ACCELERATION FACTOR CALCULATIONS ` 
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Values in cohmn 17 obtained by multiplying column 16 by ratio Tm 
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TABLE TTT.- MANEUVERING TAIL-IQAD CALCULATIONS 
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Note: Ъ/2 = 1.82 € = 3.153 


ivalues in column 17 obtained by rultiplying values in column 16 by ratio 1.5/11.005 (Hee table II.) 
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Presen! report 
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Figure /.— Comparison of thè. e : РУР ТУ elevator motion 
with the motion used in the method of reference 2. 


фу 


26 


19060 Ргеѕепї герог? 
———- Reference 2 


3 

г 8000 

q 

ы $ 

çS NN 

Š 4000 

ч 

© 

8 

S О 

= 

Т 

S 

^  -4000 
à 
"9 
8,000 


NACA TN 2877 


soon TAT 


o 4 . 12 16 


Time, t, sec 


Figure 2.— Comparison of the tail-load variation 
computed by the methods of the present 
report with that computed by ihe method 
of reference 2. 
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` Elevator angle, A6, deg 
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Figure 3.-Computed time histories of elevator deflection, normal- 


acceleration -factor and ftail-load increments for several values 
of control frequency œ. 
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Normal—acceleration-factor increment, ДА, 
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(b) Acceleration -factor increments. 


-~ Figure 3.- Continued. 
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(c) Tail-load increments. 


Figure 3.— Concluded. 
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Figure 4.— Variation with control frequency а, of the 
maximum positive and negative tail—load increments 
for a maximum acceleration -factor increment of 15. 


— a —À—  - — — 一 Е 


31 


NACA TN 2877 


© Y QN S % Y 


м “м, “м, м, “м, 


280s/Bep * *°Чо ‘esos үолдиоә wawixoy 


© у у + © 
T Pu { i 


` 8 


бәр * '"?" roy) “əjBupD [o4uo2 unulxDW 


aj, radians /sec 


Control frequency, 

Figure 5.— Effect of control frequency, w,, on the maximum 
control deflection and on the maximum positive and 
negative control rates required for a maximum positives 
acceleration-factor increment of 1.5. 
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Note: Positive directions and angles shown. 
X axis tangent to flight path. 
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Figure 6.— Sign conventions and pertinent geometric 


relationships. 
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